University of Montana

ScholarWorks at University of Montana
Graduate Student Theses, Dissertations, &
Professional Papers

Graduate School

2003

Thermodynamic and kinetic studies on RNA dimerization of the
HIV-2 leader region
Hector N. Valtierra
The University of Montana

Follow this and additional works at: https://scholarworks.umt.edu/etd

Let us know how access to this document benefits you.
Recommended Citation
Valtierra, Hector N., "Thermodynamic and kinetic studies on RNA dimerization of the HIV-2 leader region"
(2003). Graduate Student Theses, Dissertations, & Professional Papers. 3873.
https://scholarworks.umt.edu/etd/3873

This Thesis is brought to you for free and open access by the Graduate School at ScholarWorks at University of
Montana. It has been accepted for inclusion in Graduate Student Theses, Dissertations, & Professional Papers by an
authorized administrator of ScholarWorks at University of Montana. For more information, please contact
scholarworks@mso.umt.edu.

Maureen and Mike
MANSFIELD LIBRARY

The University of

Montana
Permission is granted by the author to reproduce this material in its entirety,
provided that this material is used for scholarly purposes and is properly cited in
published works and reports.

**Please check "Yes" or "No" and provide signature**

Yes, hgrant permission'

\ r

'

No, I d© nott grant perm|ssior

;

Author's Signature: V
ïctoTl^. Valtierr
Date: \ ^

Any copying for commercial purposes or financial gain may be undertaken only
with the author's explicit consent.

8/98

THERMODYNAMIC AND KEMETIC STUDIES
ON RNA DIMERIZATION OF THE HIV-2 LEADER REGION

By
Hector N. Valtierra
B.S., San Diego State University, 1998
M.A., San Diego State University, 2000
Presented in partial fulfillment of the requirements
for the degree of
Master of Science
The University of Montana
July 2003

pprp/ed b

Chairperson

Dean, Graduate School

7- i e - o s
Date

UMI Number; EP34634

All rights reserved
INFORMATION TO ALL USERS
The quality of this reproduction is dependent on the quality of the copy submitted.
In the unlikely event that the author did not send a complete manuscript
and there are missing pages, these will be noted. Also, if material had to be removed,
a note will indicate the deletion.

Oissartetbn PtiUisMng

UMI EP34634
Copyright 2012 by ProQuest LLC.
All rights reserved. This edition of the work is protected against
unauthorized copying under Title 17, United States Code.

ProQuest LLC.
789 East Eisenhower Parkway
P.O. Box 1346
Ann Arbor, Ml 48106-1346

Biochemistry

Valtierra, Hector. N., M.S., July 2003.
Thermodynamic and Kinetic Studies on RNA Dimerization of the HIV-2 Leader Region
Director: J.S. Lodmell

Human Immunodeficiency Virus (HIV) has emerged as one of the major pandemics of
the last century and persists within this century. As the causative agent of Acquired
Immunodeficiency Syndrome, its effects have taken socioeconomical significance. Close
to 70 million people worldwide are already infected with HIV and more than 20 million
are dead (Gallo and Montagnier, 2002).
Studying the replication cycles of viruses at the molecular level has reduced the severity
of epidemics (e.g., influenza) and continues to be a proven way to understand viruses for
the purpose of devising new strategies to curb their effects in human populations. The
research presented in this thesis was undertaken to study the 5'-leader region in HIV-2
RNA in order to understand an essential component of the virus' replication cycle, i.e.,
genome dimerization. This is the process by which two copies of genomic RNA anneal
together at specific sequences along the genomic RNA. To study this process, HIV-2
RNA fragments of various lengths containing one or more of the regions responsible for
dimerization were analyzed. By examining fragments comprised of only one of these
dimer regions, dimerization experiments could be compared to studies in which two of
the regions were analyzed, thereby allowing determination o f the contribution of each
region to dimerization.
We studied dimerization of HIV-2 RNA fragments using both thermodynamic and
kinetic methods. The first method entailed combining various RNA fragments to see
how they associated (or did not associate) with each other as assessed by electrophoretic
mobility shift assays on non-denaturing agarose gels. The second method of looking at
RNA:RNA association entailed examining the kinetics of the RNA:RNA interaction
using surface plasmon resonance. These two different methods of measuring HIV
RNA;RNA association should complement each other in future studies.
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Chapter I: Introduction
The study of rephcation cycles of viruses at the molecular level has proven to be a
valuable tool in combating and even preventing viral epidemics in the latter quarter of
last century with the advent of molecular biology techniques. Today these techniques
continue to elucidate areas of the viral genome and proteome that may be targeted for
anti-viral therapies.
Viruses are defined as intracellular molecular parasites, which is to say they are
dependent on a host cell in order to continue their replication cycle. Hosts range across
the kingdoms of hfe from unicellular bacteria (in the case of viruses known as
bacteriophages) to multicellular plants and vertebrates. In these latter cases, individual
cells comprising the organism are the host. The fact that they are parasites describes their
relationship with the host in that they utilize components of the cell's own r eplication
machinery to synthesize viral components which will be used for constructing new
virions without contributing to the fitness of the host. In a disease state, viruses are
detrimental to the cell.
AIDS
Acquired Immune Deficiency Syndrome (AIDS) is a collection of symptoms
caused by a failing immune system which has been impaired by a retrovirus called
Human Immunodeficiency Virus (HIV) (Coffin et al., 1986). There are two types of
these viruses, both of which cause the same syndrome, termed HIV-1 and HIV-2.
Although these two viruses have different origins, each coming from two distinct species
of primate (Figure 1), their mode of action upon the immune system is the same; both
viruses initially infect and replicate within the white blood cells known as T-helper
lymphocytes responsible for initiating the immune response (Harper et al., 1986).

1

X

H!V-1 Ô group

SiVL'HÔ£ST
sivMm

HIV>1 N group

^HN'ZB SrVSYK

Figure 1. Phylogeny of pathogenic retroviruses of primates. HIV-1 is derived ftom chimpanzee {Pan sp.)
and HIV-2 lineage from the sooty mangabey monkey {Cercocebus atyus). Also shown is the Simian
Immunodeficiency Virus (SIV) lineage, more closely related to HIV-2 than HIV-1. Figure from Reeves
and Doms, 2002.

AIDS caused by HIV-2 is most prevalent in West African nations. Many of these
countries have more than 1% prevalence of the human immunodeficiency virus, type 2 in
the general population and include Cape Verde, Côte d'Ivoire (Ivory Coast), Gambia,
Guinea-Bissau, Mah, Mauritania, Nigeria, and Sierra Leone (CDC, 2003). Within the
United States, 79 HIV-2 infections have been reported in which AIDS-defming
conditions have developed in 17, and 8 have died (CDC, 2003).

In contrast, the

prevalence of HIV-1 in the United States is between 800,000 to 900,000 (CDC, 2003).
However, in persons infected with HIV-2, immunodeficiency seems to develop more
slowly and causes a milder disease state (CDC, 2003).

With similar modes of

transmission, similar organization of genomes, and as causative agents of an
immunodeficiency syndrome, focusing on the differences between the two viral genomes
should reveal insightful perspectives on how each open reading frame and structured non-
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coding regions contribute to one virus being more virulent than the other.

Further,

conserved regions within and between each genome should reveal specific targets for
aiming anti-viral therapy
Retroviral Replication Cycle
Retroviral virions are enveloped with lipid bilayer containing a number of surface
proteins responsible for adhering to receptor proteins on cellular membranes with
subsequent membrane fusion. Within the envelope is the core of the virus, or c apsid.
Within this capsid at least three enzymes {i.e., protease, reverse transcriptase, and
integrase) are present as well as the viral diploid genome in association with a zincfingered protein, nucleocapsid (NC), a protein that is derived from the Gag polyprotein.
NC plays several important roles in the viral life cycle, including assisting with genome
dimerization, facilitating the encapsidation of viral genomic RNA, possibly placing the
primer tRNA on the primer binding site of the genome, and enhancement of viral reverse
transcription (Darlix et al., 1995 and Freed, 1998).
Upon infection, or entry into a cell, the RNA genome is inserted into the
cytoplasm (Figure 2).

Next, retroviral reverse transcriptase (RT) synthesizes a

complementary DNA strand using a single RNA strand from the HIV diploid genome
while simultaneously degrading the RNA template (Temin et al., 1970).

There is

evidence suggesting that the zinc fingers of NC are needed to help form a functional
initiation complex that promotes efficient DNA synthesis (Temin et al., 1970). RT may
read one template strand until a damaged region within the RNA (donor) causes the DNA
polymerase to jump to the other strand (acceptor) in a proposed pause-initiated two-step
mechanism (Roda et al., 2002). The end result of reverse transcription is a double-
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stranded DNA molecule (now known as a provirus) which is then integrated into the host
chromosomal DNA by another viral enzyme known as integrase (INT).
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Figure 2. R etrovirus replication cycle. Virus adheres to cellular receptors with subsequent membrane
fusion. Genome is inserted into cell. Reverse transcriptase polymerizes DNA by reading the RNA
genome. Integrase inserts proviral DNA into the host cell's genome. Cellular polymerase transcribes DNA
into RNA. RNA becomes either mRNA or genomic RNA. Some of this genomic RNA dimerizes prior to
or during encapsidation. Upon assembly, virion buds from the cell.

At this time the cell's own biosynthetic machinery can begin constructing viral
components to be used to create new infectious virions. The nucleic acid components
become either mRNA to be used for translation of viral protein components or full-length
capped/poly-adenylated genomic RNA. Herein is the basis of the research presented for
this thesis. Some of this full-length RNA associates with another copy of genomic RNA
and together, as a dimeric complex, are packaged into viral particles. There must be
some regulation that helps establish which RNA will comprise a pool of mRNA to be
shuttled out of the nucleus and which RNA will be used to construct the dimeric complex
4

comprising the retroviral diploid genome. Encapsidation studies of a series of HIV-2based vectors showed efficient packaging of viral genomes only if the unspliced,
encapsidated RNA expressed fiill-length Gag protein, including functional nucleocapsid
(Kaye et al., 1999).
Further coordination must be assured so that protein viral components and the
diploid genome combine at the proper to time to form an infectious virion. Concurrent
with release of nascent virions, the Gag polyprotein is cleaved by the virus-encoded
protease to produce the mature gag proteins that include the matrix (MA, pi7), capsid
(CA, p24), nucleocapsid (NC, p7), and p6 proteins (Cimarelli et al., 2000). As the virion
buds from the host cell, it takes cellular membrane with it, thereby completing the
replication cycle as an infectious virion.
Structure and Organization of the Retroviral RNA Genome
The RNA genome ranges in size from ca. 7,000 in some genuses to ca. 10,000
nucleotides in the more complex retroviruses (Universal Virus Database, 2002). As can
be seen in Figure 3, many of the HIV genes overlap each other, allowing for more
efficient storage o f genes within the 10 kilobase space. Mechanisms that allow these
ORFS to be translated include internal ribosome entry sites allowing mRNA to be
translated into more than one product (Buck et al, 2001) or alternative splicing
(Chattel]ee et al., 1993).
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Figure 3. The RNA genome of HIV. The domain enlarged is the 5' untranslated region responsible for
dimerization of the HIV RNA genome. The Primer Binding Site (PBS), packaging signal (\{y), and splice
donor site (SD) are shown. In addition, the begirming of the gag gene and the unique-at-5'-end domain
(U5) are shown in relationship to the untranslated region. Figure taken from Griffin et al., 2001.

HFV-l and -2 are both complex retroviruses with genomes composed of ca.
10,000 nucleotides.

At the organizational level, these genomes are similar, each

possessing the major open reading frames

G-antigen {gag), polymerase ipol), and

envelope {env) in addition to accessory genes which assist the virus at different time
points of infection (Figure 3).

Closely associated with the retroviral genome is a

complement of nucleocapsid protein which may confer some protection to the RNA.
Upon microscopy of type C oncornaviruses {i.e., feline virus (RD-114), baboon
virus and wooly monkey virus), now known as retroviruses, two RNA strands were found
to be attached to each other; one strand bound to the other near the 5'-end at a region
called the dimer linkage structure (DLS) (Bender and Davidson, 1976).

Subsequent

experiments (see below) characterized the specific regions at the nucleotide level that are
responsible for annealing one RNA strand to the another at this specific region.
In addition to the coding regions for the structural, enzymatic, and accessory
proteins, there are untranslated regions located at the 5' and 3' end of the genome.

6

Within the highly-conserved 5' untranslated region (UTR) there are several RNA signals
essential for proceeding through various steps of viral replication. These include 1.) a
signal that allows splicing of the genome into mRNA, the splice donor site (SD), 2.) the
poly-A stem loop, 3.) a signal responsible for packaging of the genome (v|/) (Griffin et al,
2001), 4 ) a motif that allows annealing of a primer to the genome for reverse
transcription called the Primer Binding Site (PBS), and 5.) motif(s) that allow
dimerization of monomeric genomic RNA to another monomeric genomic RNA. It is
these two final motifs which will be examined in this thesis (Figure 4).
Other postulated regulatory regions in the genome may be within downstream
ORFs themselves. One region discovered can fold back and anneal to the untranslated
region forming a long-range pseudoknot structure. In this in vitro study of HIV-1 RNA
fragments, a short stretch of nucleotides downstream of the poly-A stem loop was
proposed to interact with a sequence within the gag ORF (Paillart et al, 2002). This was
proposed to be involved in the full-length genomic RNA selection during packaging,
repression of the 5' polyadenylation signal, and/or splicing regulation.

HIV-2 & SIVsm

R

U5

Lr-icr-

Figure 4. HIV-2 RNA leader sequence including two dimerization sites; stem-loop 1 (SLl) and the primer
binding site (PBS). The transactivating region (TAR) and poly-A stem-loop are also shown as well as the
beginning of the gag open reading frame in the AUG stem-loop. Figure taken from Jossinet et al., 2001.
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Examining dimerization of various fragment sizes in vitro complements in vivo
studies since one of the functions of a full-length genome is for packaging into mature
virus particles. If the genome has been spliced at the SD, some of the regions that have
been r emoved m ay a ffect the potential of one RNA molecule to interact with another
RKA strand.

In fact, a set of nucleotides, one upstream from the PBS and one

downstream from the splice donor site were found to influence dimerization of HIV-2
RNA (Lanchy et al., 2003; described below).
HIV RNA Dimerization, past to present
Dimerization of the HIV-genome is an essential step in the virus replication cycle.
Initial steps of dimerization are suspected to occur in the highly conserved untranslated
region of the genome.

Substitution and deletion mutants of a region within the 5'

untranslated region of HIV-1 RNA has decreased dimeric genomic RNA in vivo by as
much as 40 to 50% (Laughrea et ah, 1997). It is logical to assume this region can be a
potent therapeutic target.
In HIV-1, the motif responsible for dimerization was determined by chemical
modification interference (CMI) to be a stem loop structure within the 5' leader region
known as stem loop (SLl) or the dimer initiation site (DIS) (Skripkin et al, 1994). In
these experiments, modification of RNA purine or pyrimidine bases at positions A-Nl,
A-N7, C-N3, U-N3, G-N7, G-Nl or G-N2 were made to disrupt either intramolecular
structure or RNA:RNA interactions within two RNA species that were dimerizationcompetent. Since modifications were made randomly throughout the length of the RNA
fragment, RNA:RNA interaction would be abrogated if altered nucleotides were at
positions that were necessary for either forming intramolecular secondary structure or

8

intermolecular association with nucleotides from the other RNA strand.

Examining

sequences of these newly dimerization-incompetent RNA strands determined a small
sequence in the nucleotide 267 - 282 region of the RNA strand.

From these data,

secondary structure maps could be made that showed a stem-loop structure. Further, the
loop region (271 - 281), now called the dimer initiation site (DIS), or stem-loop 1 (SL-1),
possessed an autocomplementary sequence.
The next question that arose was how these stem loop structures interacted with
each other, i.e., was it a simple loop-loop interaction, or did this interaction de-stabilize
the stems so that an elongated stem-loop:stem-loop interaction occurred intermolecularly
between the two strands (Figure 5)?
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Figure 5. (Top) Loop-loop interaction. (Bottom) Stem loop-stem loop interaction (extended duplex).
Figure taken from Paillart et al., 1996.
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The loop-loop interaction model was shown in vitro to be the case by analyzing
thermal stability and dissociation constants of mutant pairs of HIV-1 RNA (Paillart et al.,
1996). During an in vitro dimerization experiment with dimer-competent RNA, a step to
heat RNA to denature secondary structure/tertiary structure is followed by an ice
quenching step to snap the RNA back into a properly-folded secondary structure. During
this quench, dimerization in buffer occurs simultaneously with folding (Paillart et al,
1996). Therefore, a set of mutants were synthesized that could separate the dimerization
process from the refolding process. These mutant pairs of RNA included a mutation in
the loop of the DIS (U275C or A278G) that diminished homodimerization but allowed
for efficient heterodimerization between the two. Since in an extended duplex, more
hydrogen bonding occurs than a simpler loop:loop interaction, thermal stability would
determine which interaction prevailed upon dimerization. This loop:loop was therefore
determined to be 'kissing' complex as previously suggested (Laughrea et al, 1994,
Skripkin et al., 1994, and Paillart et al., 1994).
Two further lines of evidence showed the significance of this kissing loop
complex towards in vitro HIV-1 dimerization. Use of complementary DNA and RNA
ohgonucleotides to the DIS showed a decrease in dimerization (Skripkin et al, 1996 and
Lodmell et al., 1998). The hypothesis of these in vitro studies was that if, upon proper
folding, dimerization signals were exposed on an RNA strand, then annealing of nucleic
acids complementary to this sequence should inhibit dimerization. The DIS of wild-type
MAL (found in subtypes A, C, F, and H) and LAI HIV (subtype B) strains were analyzed
with respect to their dimerization competence. Each of these strains has a characteristic
autocomplementary sequence in the loop of the DIS (GUGCAC and GCGCGC,
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respectively) with conserved flanking purines (two 5' and one 3').

A variety of

oligonucleotides of various types {e.g., RNA and DNA, sense or antisense, differences in
length, and/or specificity for DISMAL OR DISLAI) were separately examined in relationship
to the HIV DIS in in vitro dimerization protocol. The most efficient oligonucleotides at
inhibiting dimerization were generally found to be antisense RNA (for DISMAL and
DISLAI) and DNA (for DISLAI)The second study showed the sensitivity of the stem-loop primary sequence
structure towards forming the kissing loop complex.

Chemical modification {i.e.,

ethylation of phosphate groups in the phosphodiester linkages of nucleotides in the loop
or methylation of the N7 position of the G residues in the palindrome of the loop) of
nucleotides within the DIS of HIV subtypes A and B were performed (Jossinet e? a
1999). In this experiment, phosphate ethylation of subtype A inhibited dimerization
when the modification was done at the 3' strand of the DIS stem. Ethylation of the 5'
part of the DIS stem (271GpApGpG274) was shown to enhance dimerization. These results
were in contrast to an inhibition of dimerization in subtype B where inhibition is seen
upon modification 3' to nucleotides 274 to 281 or partial inhibition on phosphates 3' to
position 282. A conclusion of these studies was that magnesium concentration is able to
influence dimerization of subtype A by preventing electrostatic repulsion between
phosphate groups in the 27iGpApRpG274 region whereas the cation is not required in this
region of subtype B DIS.
In vitro evolution studies in which either the entire loop or a few nucleotides
within the loop of the DIS sequence were randomized and selected/amplified based on
dimerization competence showed a convergence of primary sequence with sequences
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naturally found in HIV (Lodmell et al, 2000). Of interest was the general conservation
of C or G at positions 5 (in subtype A, 96% and subtype B, 61%) or 6 (in subtype A, 89%
and subtype B, 83%) (numbered starting from the first 5' nucleotide of the loop) when
five of the nine DIS loop positions were randomized. This indicated the importance of G
and C within the core sequence of the autocomplementary region. This two-nucleotide
sequence is important to be kept constant in homodimerization as an inverted GC pair
would disrupt homodimerization.

Further, the dissociation constant found upon

dimerization experiments approached the constant found in dimerization experiments
performed with wild-type DIS (low nanomolar).
Further studies of dimerization of HIV-1 RNA have looked at the role of
nucleotides at the base of the DIS. A conserved bulged motif is seen on secondary
structure modeling called Loop B in which 4 base-pairs compose the stem and four
nucleotides comprise the bulge (Shen et al, 2001). COS-7 cells were transfected with
equal amounts of plasmids with mutations in various regions of Loop B. Infectious titers
of the resulting viruses were then examined. Loop B (deletion of at least one nucleotide)
and Stem B mutants were both equally highly attenuated when transfected into COS-7
cells. Deletion of one side or the other of Stem B inhibited genome dimerization to the
extent of leaving 40 to 45 % dimeric genomic RNA.
Taken together, it was shown that the HIV-1 DIS is a strong dimerization signal
responsible for forming a kissing loop complex dependent upon specific nucleotide
arrangement and sometimes ionic conditions.
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Since HIV-1 and HIV-2 are similar in genome length and organization, the initial
hypothesis for genome dimerization of HIV-2 focused on a stem-loop motif (stem-loop 1,
SLl) similar to the DIS in HIV-1 in both structure and position in the genome (see
Figure 4). Various proposals implicated the TAR (Berkhout et al., 1993), the DIS, and
the PBS (Jossinet et al., 2001) regions as being the site of dimerization within HIV-2.
Examination of the HIV-2 leader sequence using various RNA lengths and in vitro
dimerization protocols suggested that the main site of dimerization was the Narl
sequence (so named due to its sequence similarity to the Narl sequence found in dsDNA)
located in the PBS as being the main site of HIV-2 RNA dimerization (Jossinet et al.,
2001). Various fragments ranging in length from full-length untranslated leader sequence
to a fragment ending prior to SL-1 yielded efficient dimerization, thereby showing that
SL-1 is not needed for dimerization.

A further comparison between fragments

composing the DIS of HIV-1 and the SL-1 of HIV-2 showed that the DIS could become
dimeric quite efficiently even at low salt concentrations, but SL-1 could not.
A set of transcripts which were gradually truncated starting with nucleotides 1 561 {i.e., full-length untranslated region), nt 1 - 420, nt 1 - 337, and nt 1 - 307 provided
further information that the Narl region (missing in the 1 -307 construct) was in fact, a
site of dimerization for HIV-2. The logical next step of these studies was to insert,
mutations within the Narl site to see if dimerization could be disrupted. G305C mutants
and C308G mutants (these mutant RNAs are the basis of the study presented in this
thesis) were made that significantly diminished homodimerization but allowed
heterodimerization to occur due to the compensatory mutation.

Experiments using

radiolabeled (^^P) tRNA'^^® indicated that in wild-type dimerization studies, annealing of
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effectively inhibited dimerization. The proposal that the PBS is the site of
dimerization is inspired in that it is also the site where the primer, tRNA'"^^ anneals so
that the enzyme RT can begin polymerization of DNA from the genomic RNA template.
How then, can this site be the site at which RNA:RNA interactions occur? A tentative
model was thereby proposed that genomic RNA dimerization occurred first through the
primer binding site. At some time later, either Gag or nucleocapsid would disrupt this
dimer interaction and allow the primer(s) to anneal to their respective docking site. At
the same time the two RNA strands would be held together by other RNAiRNA
interactions outside the PBS.
A few months after this Jossinet report was published, a contrary report appeared
that studied a truncated HIV-2 leader sequence (nucleotides 1 - 444; inclusion of SL-1).
The study led these researchers to propose that the DIS hairpin was the main determinant
for HrV-2 RNA dimerization (Dirac et al., 2001). In fact, under the conditions and
length of RNA they used, it can be shown that this is indeed the dimerization site. Of
interest with this group is their dimerization protocol. Briefly, RNA is incubated for 10
minutes at 65°C followed by slow cooling to room temperature. These conditions were
in contrast to all other laboratories studying retroviral dimerization (including previous
studies by Berkhout's laboratory and those studying HIV-1 (Clever et al., 1996), HIV-2
(Jossinet et al, 2001), HTLV (Greatorex et al., 1996), human foamy virus (Erlwein et al.,
1998), Harvey sarcoma virus (Feng et al., 1995), avian sarcoma-leukosis viruses (Fosse
et al., 1996), and Moloney leukemia virus (Girard et al., 1995)) wherein RNA is heated
for 2 minutes at 92°C, 2 minutes on ice, followed by 15 minutes incubation at 37°. A set
of truncated RNA similar to above were analyzed (1 - 124, 1 - 379, and 1 - 444).
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According to their interpretation, only the transcript with the SL-1 was found to be
dimeric. Upon examination of the gel (figure 2 of Dirac report), a band appears above
the monomer band in the 1 - 379 fragment. The authors describe this as being a 'weak
band', however, it appears to be about one-third the pixel intensity as the dimer band in
the 1 - 444 transcript. Another interpretation of this band is that it is a dimer band, and
because of its intensity, it allows the RNA to show a strong dimer signal.
Further studies into HIV-2 dimerization attempted to reconcile the differences
seen in earlier studies. One in vitro study pointed to the region in the PBS as the default
dimerization site for wild-type viral RNA transcripts of several lengths in incubation
conditions which did not include heating over 50°C and electrophoretic conditions in
which magnesium was not depleted from RNA (Lanchy et al., 2002). An exception to
this was RNA fragment 1 - 444 used in the above Dirac study which was dimeric under
monomer (low salt concentration) and dimer buffer (high salt concentrations) conditions.
A set of oligonucleotide studies in which antisense oligonucleotides were directed against
SL-1 or PBS. These results showed either site could be used for dimerization if the other
was indisposed or inhibition of dimerization if both were targeted with their respective
oligonucleotide simultaneously. The pertinent result that came out of this study was the
difference of thermal treatment of RNA (see above) as well as a difference in dimer
buffer and gels used between the two groups. While Dirac et al. use a low sodium
chloride, high magnesium buffer and polyacrylamide gels run at room temperature, the
protocol adopted by the Lodmell lab, as used in virtually all other dimerization studies,
uses a high potassium chloride, high magnesium dimer buffer and agarose gel run at 4°C
in Tris-borate/MgCl] running buffer.
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The next Dirac study (Dirac et al, 2002) also reports that alternative
conformations of the HIV-2 genome are possible, however, they proposed that the SL-1
was sequestered (i.e., a dimer-incompetent mode) by a long-range interaction at certain
times of the replication cycle and exposed at others (i.e., dimer competent).
To characterize how alternative conformations m ay exist, a series of 5' and 3'
truncations with the leader RNA were made (Lanchy et al., 2003a). These results, upon
analysis through dimerization protocol, yielded a core of 16 nucleotides that could form
base-pair interactions thereby sequestering the SL-1 while simultaneously exposing the
PBS. These regions included a set upstream from the PBS (nucleotides 189 - 196) and
one set downstream of the SD site (nt 543 - 550, includes translation start codon AUG of
gag).
Finally, a new study suggests that the packaging signal (y; located 3' to SL-1;
Griffin et al., 2001) itself can either be used as a third dimerization signal or, as with the
above study, used to silence SL-1 by base-pairing with it (Lanchy e? a/., 2 003b). As
stated earlier, the HIV-1 and HIV-2 5 '-untranslated regions are replete with structures
necessary for the viability of an infectious virion. Just as the limited storage capacity of
the viral genome allows for overlapping genes, the untranslated region may require each
structure have multiple functions that come into play at different points of the viral
replication cycle. Regions with multifunctional ability means the virus can use less
genomic space while also creating backup systems for essential processes. Alternate sites
of dimerization may exist depending on the conformation of the RNA. Of course, the
conformation of the RNA depends on the length of the RNA, how and where it is spliced,
and even ionic concentration.
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In summary, in vitro HIV-2 RNA dimerization has been shown to occur at both
the PBS and also at the SL-1. In addition, there are sites that may base-pair thereby
sequestering the SL-1 so that the PBS may be the predominant dimer signal. Further, the
packaging signal may also bind to SL-1 and act as a third dimer signal. When all these
are taken into consideration, equilibria between various conformations of the leader
sequence must be established for the various conformations. The PBS has taken center
stage in this thesis with respect to how it forms dimeric interactions in vitro with HIV-1
leader constructs of various lengths.
Goals
Two main goals of the experiments presented in this thesis were to identify and
characterize

transcomplementary pairs of HIV-2

RNA

fragments

capable of

heterodimerization and to adapt usage of these heterodimer pairs for analysis by surface
plasmon resonance spectroscopy.
Strategy
For the first of these goals, the dimerization characteristics should vary for RNA
fragments of differing sizes depending upon the presence of one or more dimerization
signals.

Even with the same dimerization signals, various fragment sizes will vary

depending on the conformation.
The assumption made with the first goal was the fact that, in vivo, two strands of
genomic RNA fold and, due to exposed dimerization signals, bind with each other into
dimeric form.

Since these two strands are identical to each other, this is termed

homodimerization.

Because homodimerization in vitro occurs simultaneously with

folding, it does not allow an efficient way to measure kinetic properties with SPR. Thus
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we have created mutant RNAs (species) that do not homodimerize due to substitution of a
nucleotide in the PBS dimerization signal. This mutation provides a way to physically
keep individual RNAs segregated until combined and given the chance for dimerization.
A complementary mutation in another RNA species restores dimerization but only
between the two mutant species of RNA in a process called heterodimerization. Thus,
each species is potentially dimerization-competent with respect to each other, but
dimerization-incompetent amongst RNAs with the same type of mutation. This property
is fundamental to studying the kinetics of dimerization in that it allows one to keep RNA
species isolated until the experimental conditions are set up at which time, by combining
them, the BIACORE can measure their association rate (k^).
This property allowed us to design a method to meet the second goal of measuring
real-time kinetics of dimerization. To do this, a method of reversibly attaching RNA to
the SPR chip had to be optimized. Cloning fragments of the leader sequence into the
pSP64poly(A) vector (performed by Dr. J.-M. Lanchy) yields, upon digestion and
transcription, RNA transcripts with a 3' poly-A tail (Figure 6). This poly-A tail can be
hybridized to a b iotinylated o ligonucleotides o nto the S PR c hip. F urther, dissociating
these two molecules with NaOH or NA-EDTA leaves the chip and oligonucleotides ready
for use again with other poly-A tailed RNA species.
Another aspect of optimizing SPR studies was to devise a protocol similar to
preparing (i.e., folding) RNA for gel-shift assays. Because the two techniques, SPR and
gel-shift assays, measure different parameters {K^, k^, and k^), experimental protocol was
designed such that gel protocol mimicked protocol used in SPR.
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Figure 6. Ligand. Poly-adenylated RNA fragment boimd to oligo dTso. Biotinylated oligo dTao is bound
to the streptavidin-coated SPR chip.

Chapter II: Materials and Methods
Cloning
HIV-2 ROD pro viral DNA (381-nucleotides in length, wild-type plus two mutants
containing either a cytosine residue at position 3 05 or a guanosine residue at position
308) sequences (both positions within the Narl region of the PBS) and the T7 promoter
sequence were cloned by Dr. J.-M. Lanchy into the pSP64poly(A) vector (Promega) to
yield 3' poly-adenylated RNA constructs upon transcription.
The Nar\ sequence is a palindrome comprised of nucleotides 304 - 309 (5'
GCSCGCC 3'). In the Jossinet et al. (1999) experiment, mutations were made at the 305
(G^C) or 308 (C-^G) positions. Thus, a

mutation became dimer-incompetent with
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other

mutants but dimer-competent with an RNA species with

mutation (Figure

7).
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Figure 7. Narl, and complementarity between Primer Binding Sites. A. The PBS nucleotide sequence
responsible for dimerization. Highlighted in gray is the Aferl site. B. Point mutations in the TVarl alter the
competency of the stem-loop:stem loop interaction to homodimerize or heterodimerize by decreasing
hydrogen bonding between complementary nucleotides. Figure taken from Jossinet et al, 2001.

Linearization of the pSP64poly(A) vector was performed with the restriction
enzyme EcoRl overnight at 37°C.

This was followed by chloroform extraction and

sodium acetate/ethanol precipitation at -20°C.

In vitro Transcription
RNA run-off transcripts of the wild-type and mutant HIV-2 leader sequence
fragments were performed according to the protocol described in the T7 Transcription kit
(Epicentre Technologies) using linearized plasmids described above. Purification of the
transcripts was done with Bio-spin disposable chromatography columns (BIO-RAD) and
P4 matrix for size exclusion.
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Gel-shift assays
To

identify

HIV-2

RNA

fragments

that

were

capable

of

heterodimerization/homodimerization in gel-shift experiments, various RNA fragment
lengths were analyzed.

These were expected to be either more or less efficient at

dimerization depending on presence of dimerization signals or fragments thereof. These
studies will allow comparison with values obtained from surface plasmon resonance
studies.
The biochemical technique used herein to measure RNA dimerization is the gelshift assay. If RNA is loaded into a well on an agarose gel, the poly-anionic backbone of
the nucleic acid will draw it towards the positive electrode. If the RNA is monomeric, it
will yield a band some distance away from the well corresponding to its monomeric MW.
If RNA is dimeric, it will yield a band, corresponding to its heavier weight, closer to the
well than the monomeric band.
Concentrations ranging from 0 to 6 micrograms/microliter (y) HIV-2 franscripts, 1
|iL radiolabeled RNA at 1000 counts/minute per microliter (0.3 pM), and H2O were
added to bring the reaction mixture to 8 [iL total volume,

ly oligonucleotide d(T3o)

{Integrated DNA Technologies, Inc.; 5'-/5BiotinTEG/GAA TTC GGTTTT TTT TTT TTT TTT
TTT TTT TTT TTT TTG GGA GCT C-3'}

was used whenever mutants with an artificial 3'

poly-A tail were assayed (i.e., 381A wild-type or 381A). The sequences flanking the run
of thirty thymidines in the oligonucleotide are complementary to restriction enzyme sites
that are incorporated into the poly-A tail. The mutants with half of the poly-A stem loop
(i.e., A:PBS) also have restriction enzyme sites and their corresponding oligonucleotide
has complementary sequences to these.
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The reaction, termed standard dimer protocol (SP) was then subjected to 2
minutes of heating at 92°C followed by incubation for 2 minutes on ice. 2 |j.Lof 5x
dimerization buffer (Tris-HCl, pH7.5 (250 mM), KCl (1.5 M), and MgCb (25 mM)) was
then added and the reaction allowed to incubate at 37°C for 15 minutes. The reaction
was electrophoresed on a 0.8% agarose gel with ethidium bromide for 1.5 hours at 150V
in a 4°C cold room. The gel was allowed to sit in running buffer at 4°C for 1 hour prior
to being used.

Following the dimerization assay, the gel was viewed on the Fuji

fluorescent image analyzer FLA-3000 (Fuji), then fixed with 5% trichloroacetic acid
(TCA). The gel was then dried for 30 minutes, then exposed onto a Fuji image plate (IP)
for three hours and the radioactivity was visualized on the FLA-3000 and quantified with
ImageGauge software.
An alternative method to the above was used in some instances to mimic the
dimerization approach used in the surface plasmon resonance studies. These experiments
were designed to ascertain efficient temperatures for dimerization in agarose gel protocol
that mimics experimental design of surface plasmon resonance studies (Table I).

Table I. Dimerization protocols.

2 min
2 min
15 min

15 min

Std. Protocol

Protocol

Protocol

RNA1 + RNA2

2
RNA 1
92°C

3
RNA 1

RNA 2

92°C

92 °C

92°C

RNA 2
92°C

Protocol
4
RNA 1
92°C

RNA 2
92°C

ice
ice
ice
ice
ice
ice
ice
37° incubation combine for incubation Incubation Incubation Incubation Incubation
(Rr, 37°, or 55°)
(Rr, 37°, (RT°, 37°, (Rr, 37°, (Rr, 37°,
or 55°)
or 55°)
or 55°)
or 55°)
combine
for
incubation
combine
(Rr, 37°, or 55°)
load on gel
load on gel
load on gel
load on gel
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In these gel-shift experiments (protocol #2), heterodimerization-competent pairs of RNA
were separately heated to 92°C for 2 minutes, chilled on ice for 2 minutes, then combined
together along with 2 \xL of dimerization buffer and allowed to sit at either room
temperature, 37°C, or 55°C for 15 minutes before loading on agarose gel as previously
described. Alternatively, in protocol #3, they were kept separated through the heating
step, icing step, and 37°C or 55°C step and then combined just prior to loading on a gel.
Radiolabeled RNA
An extension of the above method allows one to label an RNA species and view
how it behaves when it is allowed to form dimers with various concentrations of nonlabeled RNA.

This method of biochemically viewing nucleic acid dimerization is

performed by labeling one RNA species at its 3'-end with a radioactive phosphorus
incorporated into a nucleotide.

With a dimer-competent pair of RNAs, if one RNA

species is labeled (hot) and the other is not (cold), an array of increasing concentrations
of the unlabeled RNA beginning with zero concentration and leading towards a high
concentration of unlabeled RNA, while keeping the labeled RNA concentration constant
in each lane can yield the dissociation constant.
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Figure 8. (A) Agarose gel and (B) Image Plate (IP) of dried down agarose-gel. Unlabeled RNA
concentration (nM) is gradually increased from left lanes to right lanes while labeled RNA concentration,
measured in counts per minute, remains constant in each lane. Set 1 boxes and Set 2 boxes can be
compared to each other by use of ImageGauge software, thereby quantifying the gel. D = dimer fraction,
M = monomer fraction, and B = blank or background.

Fuji ImageGauge can measure a set of three boxes (see Figure 8B) and compare
the pixels within each box to another set of boxes gives the dimer fraction. In set 1, the
pixels in the M and D box are measured as relatively equal. In set 2, pixel density is
higher in the D box and has decreased in the M box. A series of these t>pes of triplet
boxes in each of the twenty lanes can yield quantitative data as the labeled monomer
RNA begins all in the monomer box (far left) and becomes dimeric with increasing
concentrations of unlabeled RNA as seen in the dimer box (far right). The concentration
at which 50% dimerization is achieved is the equilibrium constant (Kà) and can be seen in
graphical format as the inflection point. Of interest is that this method gives the K^,
whereas surface p lasmon resonance derives Kd from the two rate constants

and k^.

Also of interest is the quantity of radiolabeled RNA used in each lane. A minute and
constant amount (1000 counts per minute) was used in each lane which does not show up
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when viewed on agarose gel (first lane, Figure 8A), yet is easily seen on IP (first lane.
Figure 8B).
KàS were calculated according to the Paillart et al., model (1996). /d (fraction of
RNA dimer) was determined by the nonlinear fit of the dimer fi-action data (see D box in
figure 8):

/b = {(4pMo +

- VcspivuTd + (;ird^)}/4Mo

Mo is the strand concentration of the unlabeled RNA and P is the maximum
firaction of RNA that was able to dimerize. All calculations and subsequent graphs were
carried out using Excel.
Ligation of P onto RNA fragments
^^P (pCp) (PerkinElmer Life Sciences) was attached to the 3' end of RNA
transcripts with the T4 RNA Ligase (Takara) following Takara protocol. Briefly, 4 |j.L of
RNA transcripts (30 pM), 5 p,L of lOx T4 RNA ligase buffer (Takara), 3 fJ,L of 0.1%
BSA, 0.009g of polyethylene glycol (PEG) 8000, 4 ^L of pCp, 19 pL of water, and 1.5
|j.L of T4 RNA ligase (25 U/pL) were combined in an Eppendorf tube and allowed to sit
overnight at 4°C.
Purification of radiolabeled RNA was done on 8% acrylamide gel. The labeled
RNA band was excised from the gel (not crushed) and allowed to sit overnight in the
presence of 280 pL elution buffer (0.5 M NH4OAC, 1 mM EDTA, 0.1% SDS). The
following day, elution buffer containing the labeled RNA was pipette into a new
Eppendorf tube without extracting acrylamide chunks. 710 )j,L of 100% ethanol was then
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added to the elution buffer. Acrylamide turns white in ethanol, so if any acrylamide
chunks were present, they could easily be teased out with a pipette tip. This mixture was
allowed to precipitate overnight at -20°C. The sample was next centrifuged (15,000 rpm
for 30 minutes), washed three times with 70% ethanol, and lyophilized. To this, 20 p-L of
water was added and mixed.

A 5 pL aliquot of this was measured by scintillation

counting and diluted up to yield approximately 1000 counts/minute per microliter.
Surface Plasmon Resonance
Another specific aim of these studies was to find a way to reversibly attach RNA
to an SPR chip.

These immobilized RNA species should mimic/approach in vivo

conditions once attached to the chip so that dimerization signals on the bound can interact
with RNA that is run across in the fluid phase.
The gel-shift assays outlined above are only one way of viewing dimerization of
nucleic acids. Another way is by a technique known as surface plasmon resonance (SPR)
and it is performed on an instrument called a BIACORE X. This method allows one to
view dimerization kinetics in a way that gel electrophoresis does not. In agarose gels,
RNA strands must physically maneuver through agarose matrix cross-links whether in
monomer or dimer form. It is not known entirely the amount of shearing stress exerted
upon the nucleic acids as it writhes through the matrix nor how it affects the dimerization
state of dimer-competent pairs of RNA. In addition, upon graphing the quantified results,
a Ka can be determined. SPR measures the association rate {ka) of two biomolecules as
well as the dissociation rate {k^). The ratio of these two rates, k^lK, yields the equilibrium
constant K^.
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In our SPR studies, at least one species of RNA is free to rotate and take on native
conformation while in liquid phase {i.e., analyte) whilst the other species has been
previously heated to 92°C for 2 minutes and allowed to fold and then immobilized {i.e.,
ligand) on a gold SPR chip. As the two RNA strands interact, a change in the surface
plasmon resonance signal measured on the gold chip is detected (Figure 9). This signal
yields the mass gain on the chip measured in Response Units (RU) as the two RNA
strands dimerize and change the local resonance on the surface of the chip.
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Figure 9 Schematic of surface plasmon resonance phenomenon. Reflected light I is measured when
ligand is attached to the chip. This changes the resonance of the surface molecules on the surface of the
chip where the light reflects. Reflected light II is measured when ligand captures analyte and again alters
the resonance of the chip surface molecules giving a different signal. This is a real-time measurement of
the rate of association, k^, and the rate of dissociation,
and is measured graphically as this difference in
resonance signal as a function of time.

The future direction of this research is based on testing complementary pairs of
RNA with SPR.

If the in vitro experimental conditions {e.g., temperature, ion

concentration, properly folded RNA) established during SPR and gel-shift assays are
consistent, AT^s obtained from each method should be within an order of magnitude of
each other and further. Preliminary experiments with SPR have not yielded K^s however.
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they have estabhshed that dimerization-competent pairs of RNA may be used with
BIACORE.
PreUminary experiments of surface plasmon resonance utiUzed the BIACORE X
with the streptavidin-coated sensor chip SA (BIACORE) to which ca. 10 Response Units
(RU) biotinylated-oligonucleotide dTso was bound.

Poly-adenylated RNA was then

heated to 90°C for two minutes, chilled on ice for 2 minutes, then allowed incubate at
37°C for 10 minutes. A volume of >50 p,L of this RNA was then run over the oligo dTso
on the sensor chip to ca. 80 RU at a flow rate of 2 \xL per minute. Following this, 100 |_iL
of various concentrations of hetero-RNA would be heated to 90°C for two minutes,
chilled on ice for 2 minutes, then allowed to sit at 37°C for 10 minutes. This was then
injected into BIACORE X over immobilized RNA at flow rates >60 p,l per minute. 15
mM Na-EDTA was then run across to dissociate the poly-A-tailed RNA species from the
oligonucleotide thus creating a tabula rasa and baseline SPR reading.

Tailed-RNA

species could then be re-attached to the oligonucleotide and a new round of experiments
performed.
Chapter 3: Results
Gel-Shift Studies
HIV-2 RNA fragments of various lengths were used to study dimerization of the
leader sequence (Table II).

These fragments contained one or two of the regions

responsible for dimerization. By using only one of the regions, dimerization experiments
could be compared to studies in which two of the regions were used, thereby allowing
determination of the contribution of each region to the mechanism of dimerization.
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Table II. Various fragment sizes used in gel experiments. A. The full-length RNA 5'-untranslated
sequence of HIV-2. B - F. RNA fragments used to study relative contributions of SLl and PBS to
dimerization. IB and ID contain 3'- and 5'- tails in relationship to the PBS, respectively, for
immobilization onto streptavidin-coated SPR chip via biotinylated oligonucleotides complementary to
either the 5' or 3' tail. Each tail is approximately 35 nucleotides long.

A single mutation was made in the PBS region of some RNA species, which was
designed to render these mutant RNAs homodimer-incompetent. In contrast, an RNA
with a G to C mutation at position 305 (C^^) in the PBS and another RNA with a
mutation in the PBS would be heterodimer-competent (see Figure 7).
Two other types of mutations were introduced into some species of RNA. The
first was a deletion of four nucleotides in the SLl region (Table He) so that an RNA
species of similar size to the full-leader sequence could be analyzed with respect to only
the PBS region. The other mutation introduced was either the addition of a 30 adenosinelong tail at the 3' end of RNA species (Table lib) or inclusion of a 5' end onto the PBS
region which was essentially comparable to the wild type 5' end except for addition of
restriction sites necessary for enzyme digestion of plasmid (Table IId)

Each of these

tails was approximately 35 nucleotides in length. The restriction sites were incorporated
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into the tails in the pSP64poly(A) vector for hnearization of plasmid. This cut plasmid
could subsequently be transcribed by polymerase to yield transcripts with 3'- or 5'- tails.
Homodimerization Studies (181A-WT and PBS-WT)
To test the dimerization competence of wild-type RNA, 381A-WT was tested
against an RNA fragment composed of nucleotides 197 through 381 {i.e., the entire PBS
region (PBS-WT)). Since each RNA species is homodimerization-competent, the

of

each one was expected to be low.
When 381A-WT was radiolabeled and added with PBS-WT according to standard
dimerization protocol, the

was 5.8 nM (Figure 10). In contrast, when PBS-WT was

radiolabeled and added to 381A-WT, the

was 1.9 nM. The ATaS are expected to be the

same since both RNA species used were the same in each experiment.
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Figure 10. 381A-WT and PBS-WT were both radiolabeled and dimerized. Bars are standard deviation
bars of two experiments at concentrations which were duphcated in each experiment. The first of the two
RNA species of each pair in the legend was radiolabeled (lOOOcpm/data point); the second species was not
labeled and the log of this unlabeled RNA concentration is shown on the x-axis of every
graph (Figures
10 -16) throughout this thesis.
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These initial experiments with RNA with 3' poly-adenylated tails were hampered
by multimerization. Multimerization could have been caused by non-canonical base
pairing between adenosines base-paired with adenosines.

Alternatively, restriction

enzyme sites, like those located at the 3' end of the poly-A tail, are palindromic, so these
sites may have played a part in causing multimers. An oligonucleotide with a stretch of
thirty thymidines (dTso) flanked by the restriction sites Sad and EcoKL abrogated
multimerization and allowed for the efficient dimerization through the PBS or DIS
regions if the transcripts were capable of doing so (dimerization-competent). Since HIV
RNA has innate tertiary structure, there is a possibility that construction of a transcript
with an artificial 3'-end poly-adenylation may disrupt the native conformation.
Heterodimerization studies: (381A-C^°^ and SôlASLl-G^"^)
To explore RNA mutants that could be used in SPR experiments but were similar
to the wild type, 381A-C^°^ was used since it is an RNA species similar to 381 A-WT but
it has a G to C mutation at nucleotide 305

This mutation was found to abrogate

homodimerization but to allow heterodimerization with an RNA with a mutation made at
position 308 (C to G) (see Figure 7). This set of experiments was fiaiitful in finding a set
of transcomplementary RNA species which could initially be used with surface plasmon
resonance studies since heterodimerization was successful while homodimerization was
extremely inhibited (Figure 11).
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Figure 11. IP of 561ASL1-G^°^ and radiolabeled 381A-C^°^. Dimer fraction (D) increases as [561ASL1increases in each lane while monomer fraction decreases (M).

When SSIA-C^*^^ was radiolabeled and allowed to dimerize with SôlASLl-G^"^
according to standard dimerization protocol, the

was 3.2 nM.

561ASL1-G^°^ was radiolabeled and dimerized with 381A-C^°^, the

In contrast, when
was 14.3 nM. The

ATdS are expected to be the same since both RNA species used were the same in each
experiment (Figure 12). Despite the difference in Kà, the dimer fraction was similar {ca.
68%).
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Figure 12. Graph of 381A-C^°^ series. Heterodimerization and homodimerization are shown. 70% dimer
fraction is one of the best results of pairs of dimer-competent RNAs. Bars are standard deviation bars of
two experiments at concentrations which were duplicated in each experiment.
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The results of radiolabeled 381A-C^°^ homodimerizing with 381A-C^°^ was not
determined. As can be seen in figure 13, dimerization is not seen and therefore a
cannot be determined (Figure 13).
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Figure 13. IP of
and radiolabeled 381A-C^°^. Dimer fraction is not seen as [BSIA-C^"']
increases in each lane; monomer fraction remains constant (M). The two lanes on the right are identical
except for addition of oligo dTso added to the reaction in lane 18 or addition of water added to the reaction
in lane 19. As seen in lane 19, poly-A tail on 381A-C^°^ can cause multimerization, therefore oligo dTso is
essential.

Another method of attaching RNA to the SPR chip in a reversible manner was
attempted. The use of the enzyme poly-A polymerase to add adenosine residues onto the
3' end of the RNA was initially tried as a method of attaching an RNA species onto the
chip laced with oligo dTso- This method was abandoned due to the difficulty in repurifying RNA from the enzyme and also because of the ambiguous addition of
adenosine residues to the 3' end of RNA being anywhere from ten- to thirty- adenosine
residues long depending on incubation time of the reaction. The a dvantage t hat t hese
RNA constructs did not have the restriction sites of cloned RNA with poly-A tails was
outweighed by the u nspecific a mount o f a denosine r esidues a dded inthe reaction. In
addition, a single oligo dTso could be used rather than varying lengths of dTlo to dT4o.
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381-0^°®
Nucleic acid interactions in SPR have been limited to lengths smaller than 200
nucleotides; therefore, using the PBS-G^°^ was explored to find transcomplementary
RNA-competent pairs that were smaller in size than the previously used 381 nucleotideslong or 561 nucleotide-long RNA species.
PBS-G^*^^ vs. A:PBS-C^°^. Since A:PBS-C^°^ is composed of nucleotides 164 381, the 5' region upstream of the PBS between 164 - 197 is used as a 5' tail to which a
complementary oligonucleotide could be used to anneal it to the SPR chip. This allows
only the PBS region to be available for dimerization. It was therefore hypothesized as
being able to efficiently dimerize with PBS-G^°^. In fact, the dimerization fraction was
close to 80% with a

of 11.9 nM (Figure 14 and Figure 15).

I

Figure 14. IPof PBS-G^°^ and radiolabeled A:PBS-C^°^. Dimer fraction (D) increases as [PBS-G^°®]
increases in each lane while monomer fraction decreases (M).

AiPBS-C^"^

VS.

have the same K^. The

PBS-G^°^. This inverse pair of the above was hypothesized to
was 10.1 nM but the dimerization fi-action was close to 63%.

Since this was the inverse experiment of the above, both of these results yielded higher
dimer fi-action results than other PBS fragments examined.
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PBS-G^®^ vs. PBS-G^°^.

Since this was a homodimerization experiment, the

dimerization fraction was expected to be low.

The

was in fact unable to be

determined.
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Figure 15. PBS-G^°® series. PBS-G308 and A:PBS-C305 heterodimer pairs achieve high dirtier fraction.
Bars are standard deviation bars of three experiments at concentrations that were duphcated in each
experiment.

PBS-G^°^ vs. 381A-C^°^. The dimerization of this pair was determined to be ca.
35%. Interesting is the fact that dimerization starts out lower than the above heterodimer
experiments as well as the slope being less than the heterodimer experiments shows a
relationship akin to homodimerization.

As stated above, the combination of A:PBS-C^°^ and its transcomplementary
partner PBS-G^°^ heterodimerized efficiently. In contrast, A:PBS-C^'^^ did not dimerize
with an RNA fragment composed of nucleotides 1 through 381 with a
c305:c305 jj^i-gj-action effectively abrogated dimerization.
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mutation. The

SSIA-G^"^
The transcomplementary RNA to 381A-C^°^ is the 381A-G^°^ mutant.
Hypothesis would suggest that dimer fractions would be similar for RNA pairs inverse to
pairs for the 381A-C^°^ mutant (Figure 16).
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Figure 16. SSIA-G^"^ series. Various RNA fragments incubated with 381A-G'""'.

The most surprising result is the pair of 561ASL1-C^^^ vs. 381A-G^°^. Because
the inverse of this pair (i.e., 561ASL1-G^°^ vs. 381had a high dimer fraction, it is
surprising that this pair had a low dimer fraction. In contrast, the 381C^°^ and 381A-G^°^
pairs yielded the highest dimer fraction (ca. 65%).

Dimerization Protocols designed to mimic SPR studies
To explore methods to be used for surface plasmon resonance studies, a series of
experiments were designed in which the standard dimerization protocol was altered to
mimic conditions used in SPR. Briefly, during the standard protocol, both labeled and
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unlabeled RNA species are heated to 92°C together for two minutes to denature
secondary structure, quenched on ice for two minutes, dimer buffer added, and allowed to
incubate at 37°C for 15 minutes before loading on gel. The difference between SPR
studies and EMSA is that in SPR one RNA species will be immobilized on the SPR chip
and one RNA species will then be injected across this in liquid. This allows one to
measure

as well as k^. Therefore, gel studies were performed in which labeled and

unlabeled RNA species were isolated and run through dimer protocol separately before
being combined and subsequently run on gel.
These isolation-dimerization studies were performed with an older version of
381A-C^°^ (ov381A-C^°^).

The newer version was re-cloned from a "cleaner" PCR

template in order to get rid of an upstream nucleotide mutation. The mutation in the
older version, a deletion of one nucleotide in the 240 - 249 region, was not discovered
until after these next experiments were performed.
When BSIA-C^"^ was radiolabeled and incubated with 561ASL1-G^°^ according
to standard dimerization protocol, the

was 3.2 nM. The older version of radiolabeled

ov381A-C305 yielded a K^, of 12.3 nM.

In contrast, when 561ASL1-G^°^ was

radiolabeled and incubated with ov381A-C^°^, the Ké was 8.9 nM {n = 4) compared to the
newer version of 14.3 nM (n = 3). Despite these differences, I believe the relative
dimerization capability of the two RNA species can be seen with each of the altered
dimerization protocols. The dimer fraction of each was comparable (ca. 60 to 65%).
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Figure 17. Dimerization protocol #2. ovSSlA-C^"^* vs. 561ASL1-G^°®. dTso oligo added after 15 minute
incubation yields highest results due to it causing less interference between interaction of 381A-C^°^ and
SôlASLl-G^"®.

Dimerization protocol #2
This protocol isolated labeled and unlabeled RNA species for 92°C step and ice
step, addition of dimer buffer, but then combined them for the 15 minute incubation at
either 37°C or 55°C. As seen in figure 17, the physiologically relevant temperature of
37°C yielded a higher dimer fraction.

Another variation of the standard dimerization

protocol incubated the two RNA species together per standard protocol but excluded
ohgo dTso until after the 15 min/37°C incubation. Surprisingly, this result y ielded the
highest dimer fraction of this series. Previous experiments have shown that lack of dTgo
has caused multimerization caused by the poly-A tail. These results show that dTso
added after incubation inhibits most multimerization.
In the next experiment, the dTso was again added after the 92°C and ice step with
similar results, hi addition, an experiment where the 15 minute incubation period was at
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room temperature (RT) showed a decreased dimer fraction compared to the standard
protocol or 37°C experiment. This experiment again shows the physiological relevance
of 37°C as well as establishing an optimal temperature to perform SPR studies. The
BIACORE X can maintain internal experimental conditions at 37°C.
Dimerization Protocol #3
This dimerization protocol isolated labeled and unlabeled RNA species for the
92°C, ice step, addition of dimer buffer step, and 15 minute incubation step (either RT,
37°C, or 5 5°C). At the end of the incubation step, RNA species were combined and
loaded on gel.
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Figure 18. Dimerization protocol #3. ov381A-CP°^* vs. 561ASL1-G^°^. SP = Standard dimerization
protocol, RT = room temperature.

Protocol #3 shows a significantly lower dimer fraction {ca. 10%) when compared
to the standard dimerization protocol (ca. 70%) (Figure 18). These results are significant
in that this experiment best mimics the BIACORE experiment in that both RNA species
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are both kept isolated for the duration of the dimerization protocol and then combined
just prior to loading on gel.
Dimerization Protocol #4
This dimerization protocol extended the previous protocol by allowing the RNA
species to incubate together for 15 minutes after the last step. As seen in Figure 19, this
restored dimerization albeit not to the full dimer fraction seen in protocol #2.
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Figure 19- Dimerization protocol #4. ov381A-C^°^* vs. SôlASLl-G^"^.

Taken together, these results show the optimal temperature for dimerization.
Interestingly, dimerization at RT in protocol #3 was equal to the yield of dimers in the
37°C experiment but since this experiment was performed only once, results should be
replicated. S PR studies will further elucidate results seen in each of the dimerization
protocols.
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Surface Plasmon Resonance
As mentioned earlier, 381A-C^°^ and 561SL1-G^°^ were one of the first RNA
pairs found to heterodimerize well in early gel-shift assays. As such, they were chosen to
be used in initial SPR experiments.
The standard SPR experiment involved attaching biotinylated oligo dT30 onto
both streptavidin-coated flow cell surfaces (Fcl and Fc2). 80 pL of ligand 381A-C^°^ was
then flowed over both surfaces at a slow rate of 2 p,L/min (Figure 20A, (step 2 on
sensorgram)). After the running buffer wash step, a new response unit (RU) basal level
was estabhshed (Figure 20A, (step 4)).
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Figure 20. Sensorgram of injection of 561ASL1-G^°^ binding with 381A-C^°^. A.) Step 1, stabilization of
baseline at 0 RU (after injection of oligo dTso). Step 2, injection of ligand (381A-C^°^). Step 3, finishing
injection. Step 4, stabilization of new increased baseline (381A-C^°^ + oligo dTso). B.) Injection of
analyte (SôlASLl-G^"^) with overall increase of base line from 0 RU to 204 RU.
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The flow of analyte was then changed to Fc2 only, while Fcl was used as a
baseline. 7 5 |J.L o f analyte 5 61ASL1-G^°^ ( lOx) was then flowed over F c2 at a much
higher flow rate of 60 |j,L/min. As can be seen, a relative increase of 148 RU is seen
during the flow step. U Itimately, the initial base line is transiently increased 204 RU
until running buffer decreases it to 74 RU (Figure 20B).
Non-specific binding experiments
To establish if non-specific binding was occurring on the SPR chip, 60 p,L of
561ASL1-G^^^ (lOx) was run over both flow cells at 2 |j,L/min, a similar rate at which
381A-C^°^ is hybridized to oligo dTso. OUgo dTso was surface bound in each flow cell
and there was no 381A-C^°^ attached. As expected, a relative decrease of -225 RU was
seen indicating that 561ASL1-G^°^ did not bind (Figure 21) to oligo dTso.
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Figure 21. Sensorgram of injection of 561ASL1-G binding with oligo dXso. 381A-C was not bound
to surface. As expected, no binding was seen as evident from initial baseline of 0 RU to -293 RU after
injection.
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Varying concentrations of 381A species bound to the chip came close to
producing Valid sensorgram curves but towards the end of the injection, artifact arose
disrupting the curve (Figure 22).
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Figure 22. SPR studies showing weird artifact in association phase of curve ( first circle) of SôlASLl-G^"^
binding with surface-bound SSIA-C^"' Same artifact is seen near end of running buffer injection (second
circle).

This artifact was present even when injected with running buffer. Smooth curves must be
obtained to ensure proper kinetic analysis by BIACORE X software. Software fits the
experimentally-derived curve with a mathematical curve which approaches the
experimental curve. From this new curve, kinetic data is calculated. The presence of this
persistent technical glitch in the sensorgram prevented proper analysis of k^, and k^.
To examine if specific binding was occurring, the two 561ASL1 mutants were
flowed over 381A-C^°^. As seen before, 561ASL1-G^°^ readily becomes heterodimeric
with 3 81A-C^°^. I n these two experiments, a 5 79 RU was obtained at the end of the
injection. In contrast, when 561ASL1-C^'^^ was flowed across 381A-C^°^, 249 RU was
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obtained at the end of injection. This lower RU is a direct function of homodimer
interaction considering concentrations of each mutant were the same in each experiment
as well as injected volume (60 p,L (+20|j,L)) and flow rate (60 p-L/min) (Figure 23).
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Figure 23. Sensorgram of (A) heterodimer and (B) homodimer interaction. Increased RU is seen in top
figure with injection of 561ASL1-G^°^ under same conditions and concentrations as those used in bottom
figure to inject SôlASLl-C^"^ to measure dimerization with surface-bound 381A-C^°^
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Chapter 4: Discussion
Various HIV-2 RNA fragment sizes of the 5' untranslated leader region have been
studied with respect to their in vitro dimerization competence in gels. The PBS was the
predominant dimerization signal on these fragments.

Fragments with poly-A tails were

also analyzed with the hopes of using them in SPR studies as the ligand. An RNA pair
with a high dimer fraction was then chosen to perform initial SPR studies.
Results for the homodimerization series were generally undetermined.
exception to this was the wild-type pairs of 381 A-WT and PBS-WT. A
381A-WT vs. PBS-WT and a

An

of 5.8 nM for

of 2.0 nM for the inverse experiment, PBS-WT vs.

381A-WT (Figure 10). The low dimer fraction and low

is expected with wild-type

RNA constructs because in vitro they homodimerize simultaneously with folding during
the 92°C to ice quench step of dimerization protocol. As with the other

data presented

in this thesis, results may vary due to impurities in the RNA samples used in the
radiolabel-ligation reaction. Yet another reason there may be discrepancies between two
inverse experiments is the reaction occurring within the Eppendorf. Labeled RNA is
competing with labeled RNA, unlabeled RNA, and possibly oligonucleotide in an attempt
to reach equilibrium or find a conformation to which it can become dimeric with another
RNA molecule. A given 1abeled RNA-X may out-compete the unlabeled RNA-Y for
homodimerization, but when labeled RNA-Y is trying to associate with unlabeled RNAX, it may be less capable of homodimerization and more capable of heterodimerization.
This would lead to varying

amongst experiments expected to have similar results.

Along these lines is the fact that these RNA constructs are different sizes so will fold
differently, with greater or lesser ability to expose a dimer signal (Tables III and IV).
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Table III. KdS from homodimerization gel-shift experiments
Radiolabeled RNA vs. unlabeled RNA Kd(nM)

n=1
n=2
n=1
OC

c

5.8
2.0
ND
ND
ND
ND
ND
ND
ND
ND
ND

II

381A-WT vs. PBS-WT
*PBS-WT vs. 381A-WT
381A-WTVS. 381A-WT
A:PBS-WT vs. A:PBS-WT
381-0^" vs. 381
381-G^ vs. 381A-G^^
381A-G^ vs. 381A-G^
PBS-G^ vs. PBS-G^
381A-C'"'' vs. 381A-C^''
381-C^ vs. A:PBS-C^^
381-C^ vs. 381
ND = not determined

trials

n =2
n=2
n=1
n= 1
n= 1
n= 1
n=1

Of interest within these tables is the ability of one set of RNA in the homodimerization
experiments to yield a

while in the heterodimerization experiments one pair was

unable to yield a Xj.

Table IV.

from heterodimerization gel-shift experiments
Radiolabeled RNA vs. unlabeled RNA Kd(nM)
561 A SL1-G^°^ vs. 381A-C^^
oo I

vo. ou 1 -w

PBS-G^°® vs. A:PBS-C®°®
*PBS-G®°® vs. 381A-C^°®
381A-C^ vs. 561 A SL1-G®°®
A:PBS-C^ vs. PBS-G^
561 A SL1-C^^ vs. 381A-G^
381-C®°® vs. 381A-G®°®
ND = not determined
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uw

11.9
13.3
3.2
10.1
ND
12.2

trials

n=1
II— 1
n =1
n=1
n=3

n=2
n= 1
n= 1

In the next set of experiments, Figure 12, a similar inverse experiment yielded
results that were closer to the expected outcome, at least partially. SôlASLl-G^*^^ and
381A-C^°^ were both labeled and reacted against the opposite unlabeled partner. For
each inverse experiment, dimer fraction was close to 70% making it one of the best
heterodimerization pairs examined. However, K^s were not similar. For the 561ASL1vs. 381A-C^°^ experiment, a Kd value of 14.4 nM was obtained. In contrast, the

inverse experiment 3 81A-C^^^ vs. 5 61ASL1-G^*^^ yielded a

of 3.2 nM. Thus, both

experiments reached near the same dimer fraction, but with different K^s. Because of this
difference in AT^s, a relative analysis can be used to gauge the difference in dimerization
potentials by graphical comparison.
The next set of data analyzed was the PBS-G^°^ series. This RNA fragment
consists only of the primer binding site region and has a point mutation at position
C308G.

Use of the PBS region alone should yield its relative contribution to

dimerization of HIV-2 leader sequence RNA without interference from other
dimerization regions. The compensatory G305C mutation in the PBS should allow for an
efficient pair to be used for SPR studies. A PBS region fitting this parameter was made,
but with a 5' tail encompassing almost half of the naturally occurring poly-A stem loop.
Although it has not been performed yet, an oligonucleotide to this tail should hybridize to
a complementary biotinylated oligonucleotide. The

for these pairs were 11.9 nM for

PBS-G^°^ vs. A:PBS-C^°^ and 10.1 nM for the inverse experiment.

A smaller

discrepancy in AT^s was seen with these values, however dimer fractions for this pair was
high {i.e., 80% for PBS- G^°^ vs. AiPBS-C^*^^).

Surprisingly, a heterodimerization

experiment between PBS-G^°^ and 381A-C^°^ yielded a small dimer fraction but a large
Kà.

This was unexpected since heterodimerization is expected to yield high dimer

fractions.
The next set of experiments examined 381A-G^*^^. This is another RNA construct
with a 3'-polyA tail that will be immobilized onto the SPR chip by use of oligo dTso.
The premier RNA fragments within this set were the 381A-G^°^ and 381-C^°^ pair. An
efficient dimer fraction of ca. 64% was seen with both sets of experiments in which each
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was labeled. Moreover, ^dS of 9.6 nM (381A-G^°^ vs. 381-C^°^) and 12.2 nM (381-C^°^
vs. 381A-G^°^) were determined.
The pairs which had the highest dimer fraction were 561ASL1-G^°^ & 381A-C^°^
(CO. 70%), PBS-G^°^ & A:PBS-C^°^ (ca. 80%), and 3 81A-G^°^ & 3 81-C^°^ (ca. 6 5%).
These are ideal for SPR since they are pairs with low homodimerization ability and
produce excellent heterodimerization fractions when allowed to become dimeric with
each other. The smallest of these fragments, comprising the PBS region, gave the highest
dimerization, presumably since they were only comprised of the PBS region. In contrast
to these results, the next highest dimer fraction was given by one of the longest fragments
(561 nt) used along with a fragment of medium length (381 nt). The fact that four
nucleotides from the loop of SLl on the 561 nt-long construct were deleted, allowed the
two RNAs to interact via only the PBS region. This is in contrast to the third highest
dimer fraction where two fragments of medium length became dimeric (both ca. 381 nt).
Since these three RNA pairs (561ASL1-G^°^ & 381A-C^°^ PBS-G^°^ & A:PBSand 381A-G^°^ & 381-C^°^) have the highest dimer fraction, it is recommended that
they be used when SPR studies are continued. The first of these efficient dimeric pairs to
be analyzed was used in further gel-shift studies to mimic experimental conditions in
SPR studies.

381A-C^°^ and 561ASL1-G^°^ were used according to a method we

surmised would be used for BIACORE X. Since RNA had to be pre-folded to expose
dimer signals upon immobilization, 561ASL1-G^°^ transcripts and 381A-C^°^ transcripts
were separately heated to denature secondary structure, then quench-cooled on ice for 2
minutes, then recombined and allowed to incubate together for 15 minutes. On the
BIACORE X, a tailed RNA species (>50 pL) is immobilized at a slow flow rate (2
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(xL/min) for a total duration of more than 25 minutes. This means that the two RNA
species will not see each other for twenty-five minutes or longer. Therefore, these gelshift assays have shown that a decrease in dimer fraction is to be expected by keeping
RNA isolated.
In the standard dimerization protocol (performed to acquire ATj data in the first set
of gels), dimer fractions below 20% were rarely seen. Isolating RNA species and then
allowing them to incubate (15 minutes) at two different temperatures, i.e., 37°C or 55°C,
(Protocol #2) and comparing them to the standard dimer protocol showed that incubation
at 37°C was close to the standard protocol result. Incubation at 55°C was 10% lower
than these two. Interestingly, allowing the two RNA species to incubate together without
the presence of oligo dTso showed the highest level of dimerization {ca. 70%). Oligo
dTso was added after the 15 minute incubation time and reduced multimerization but did
not totally abohsh it.
To further approach the method to be used for BIACORE X, protocol #3 was
developed. RNA species , 561ASL1-G^°^ transcripts and 381A-C^°^ transcripts, were kept
separate throughout the heating, ice quenching, and 15 minute incubation steps (room
temperature, 37°C, and 55°C). Immediately following incubation, RNA species were
combined and loaded on gel.

These results showed a significant decrease in dimer

fraction {ca. 10%) across three temperatures when compared to protocol #2 and the
standard dimerization protocol.
One last protocol, #4, showed that restoration of dimerization could be seen when
protocol #3 was extended by one more 15-minute incubation step. This last incubation
step restored dimerization. Interestingly, 15-minute incubation at room temperature and

49

55°C had significantly lower dimer fi-actions than at 37°C and the standard dimer
protocol. For these fragment sizes, 37°C seems to be an optimal temperature at which to
run SPR studies. This if auspicious since the operating temperature of the BIACORE X
can be set between the range of 25°C to 37°C.

Two different methods to perform SPR can be envisioned. Figure 25A as the
method used most often for the sensorgram within this thesis, hi this method,
transcripts was immobilized onto both flow

cells.

Following this, 561ASL1-G^°^

transcripts could be run over F^l while Fc2 was used as a reference cell. Within the
course of these SPR studies, it seemed the Fcl matrix degraded at a faster rate than Fc2
resulting in a declining SPR signal the more the chip was used.

381AC305

381A.C305

381A.C305
361A.C305

5Ô1A8L1'0308
immiogbufBef

381A-C305
381A.C305
56lASLl-e308

56lASLi-a308
Figure 25. SPR chip. A. Tailed RNA species attached to both flow cells. Dimerization step measures
analyte binding to one flow cell while the other is used as a reference cell. B. Alternative method in which
tailed RNA is attached to one flow cell and analyte is run over both flow cells. -
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An alternative method to the above was to immobihze 381A-C^°^ to one flow cell
and run 561 ASL1-G^°^ over both flow cells. I believe that this can be used as alternative
method to the above in order to use both flow cells equally and decrease the effects of
dextran matrix degradation.
The classic association curve is seen in Figure 21. Pre-folded 3'-tailed RNA
(381A-C^°^) was immobihzed onto the SPR chip at a slow flow rate yielding a new
baseline RU to which prefolded analyte RNA (561ASL1-G^°^) could be measured upon
injection. The dissociation phase is not classic however since there is an artifact at the
end of the injection. Analyte injection of the heterodimeric transcript shows another
increase of RU indicating interaction between analyte and ligand. Further experiments
show that 561ASL1-G^°^ cannot bind to oligo dTgo (Figure 21), therefore showing there
is no non-specific-binding.
Perhaps the most promising results are seen in Figure 23 in which both of the
561ASL1 mutants bind, but the heterodimeric complex binds with greater affinity. The
fact that the homodimeric complex does have RUs is reminiscent of the hydrogen
bonding patterns seen in Figure 7. It is hypothesized that both mutants are 561ASL1 fold
the same, and therefore show the same dimerization signals; therefore due to the
sensitivity of SPR, measurement of interactions are possible. This is in contrast to gelshift assays which may not be sensitive enough to show homodimeric interaction. Taken
together, these initial SPR studies show that measurement of HIV-2 untranslated leader
sequence RNA interaction is possible but experimental design must be refined.
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Nucleic acids used in protein:nucleic acid interactions in SPR studies have ranged
to a higher limit of ca. 240 nucleotides (Van Ryk et al, 1999). Nucleic acids used in
nucleic acidinucleic acid interactions have been limited to lengths ranging from 16 (Nair
et al., 2000) to ca. 60 nucleotides (Nordgren et al., 2001 & Ducogné et al, 2000).
Therefore, using the A:PBS-G^^^ was explored as a viable alternative to either using the
full-length leader sequence {ca. 561 nucleotides) or a construct such as 381A-C^°^ that is
still long by comparison {ca. 416 nucleotides) to other nucleic-nucleic acid interactions.
A:PBS-G^°^ is comprised of 217 nucleotides, 35 nucleotides of which will be used to link
the fragment to the SPR chip. This is a smaller fragment composed of the PBS and may
give promising results when tried.
The purpose to finding Â'dS h as b een not o nly tod etermine t he constant of the
PBS, but also to lay initial groundwork for possible antisense therapy. If a short nucleic
acid can bind to one of the dimerization signals faster than the second RNA strand, a
possible method of inhibiting dimerization can be found. This rationale can be extended
to other pharmaceutical compounds as well that may bind to a dimerization signal on one
RNA faster than the second RNA strand. However, there are at least two caveats to be
mentioned when presenting this kinetics data: 1.) the differences in in vivo vs. in vitro
dimerization conditions and 2.) NC can melt the kissing loop into an extended duplex.
Dimerization as seen in vitro is different than in vivo in that within a host cell,
many other factors come into play such as the presence of varying sizes and
concentrations of RNA, differences in the flux of ion concentration within the cell, and
perhaps an intracellular immune response elicited by the host cell itself against the virus.
Within the cell, not only are magnesium and potassium present, but a host of other ions
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and biomolecules with positive or negative charge. Concentrations of multiply spliced or
genomic RNA must also be present in the nucleus, some waiting for export into the
cytoplasm, others waiting to recognize a dimerization signal to form a diploid genome.
In addition to these RNA-RNA interactions that are important for aligning viral
RNA molecules during dimerization, it is well-known that the viral proteins Gag and
nucleocapsid (NC) are involved in facilitating and stabilizing these interactions (Freed,
1998). Specifically it has been shown in HIV-1 that NC is capable of converting a looploop DIS interaction into a more stable extended duplex involving intermolecular base
pairing involving stem sequences of the DIS loop (Muriaux, et al., 1996). Future studies
may utilize plasmon resonance studies to investigate the sequence requirements, kinetics,
and thermodynamics of NC binding and chaperone activity.

However, these

protein:nucleic acid interactions between the leader sequence and NC will require a new
method to be devised in order to attach the RNA to the SPR chip since I predict NC will
bind as readily to the oligo-dTsoipolyA linker complex as it will to the leader sequence
itself RNA.

Perspectives
Retroviruses affect many species of vertebrates ranging from primates to felines
to avians. Indeed, some retroviruses have evolved to co-exist with their hosts as in the
case of infected pumas carrying FIV while domestic cats infected with FIV develop an
AIDS-like disease. Yet others, such as HIV-1 and HIV-2, are different in virulence, with
the latter producing a milder disease-state. Studying the differences of the retrovirus
genome at several levels, including the primary sequence level as well as secondary
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structure, must provide clues as to what makes different genuses of the family
retroviridae more virulent than others in their respective hosts. As can be seen with HIV1 and HIV-2, even differences in regions of the genome that are not translated are
essential to the replication strategies of each virus.
With the recent epidemic and/or emergence of such RNA viral diseases such as
West Nile Virus and Severe Acute Respiratory Syndrome (SARS) or the DNA virus
monkey pox, studying the replication cycle of viruses at the molecular level continues to
be of great importance. Even HIV-2 is a relatively new disease with estimates of it
having crossed the species barrier {i.e., sooty mangabey to human) in 1945±14 years
(Lemey et al., 2003). Indeed, because of the high mutation rate of RNA viruses, new
strains of old viruses continue to cause morbidity and mortality in the human population
as in the case of the RNA virus influenza. It is this high mutation rate that may one day
prove to be the Achilles' heel of RNA viruses. Only those viral genomes that contain the
essential topography, or conformation, replicate successfully.

This means there are

regions within the genome that must remain constant in order to allow proper folding of
the genome while regions outside of this are free to mutate giving variability to the virus
population.
These conserved regions are potential targets of viral therapy. Alteration of these
conserved regions by chemicals, or small oligonucleotides binding, or some future
method which has not been discovered yet, will render these virions inviable. These in
vitro RNA dimerization studies will advance our knowledge of the fundamental
mechanisms of intermolecular recognition as well as provide essential information about
a crucial step in retroviral replication. Because HIV-2 is an important global threat,
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information gained about dimerization could potentially provide a framework for
exploiting dimerization as an anti-retroviral chemotherapeutic agent.
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